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clinimetricsThe Work, Osteoarthritis or joint-Replacement Questionnaire (WORQ) was developed to assess physical
difﬁculty experienced in work before or following total knee arthroplasty (TKA). Thirteen questions were
designed. The WORQ was tested for internal consistency by factor analysis, internal reliability (Crohnbach's α),
and construct validity. A test–retest reproducibility was performed for analyzing standard error of
measurement (SEM agreement), reliability (ICC) and smallest detectable change (SDC) in individuals and
groups. Lastly responsiveness (standardized response means [SRM]), ﬂoor and ceiling effects and interpretability
(minimal important change [MIC]) were analyzed. It is shown that the WORQ is a reliable, valid and
responsive questionnaire that can be used to evaluate the impact of knee complaints following TKA on
patients' ability to work.this article can be found at
ment of Orthopaedic Surgery,
eef 9, 1105 AZ Amsterdam,© 2014 Elsevier Inc. All rights reserved.Although total knee arthroplasty (TKA) is highly effective in
treating knee pain and functional limitations, little is known about
how it impacts patients' potential to resume work [1]. Likewise, it is
unclear what the optimum time for surgery is which will increase the
chance of a successful return to work [2,3].
The absolute number of primary TKA procedures performed
worldwide is increasing and expected to keep rising [1,4]. The
number of patients aged 45–65 years receiving a TKA has tripled since
1996. Nearly 1.5 million of the people who currently have a TKA in the
United States are between 50 and 69 years old [5,6]. A substantial
group of these patients do paid or voluntary work before the
operation and hope to continue. This illustrates the importance of
obtaining a deeper insight into which factors hinder or promote the
ability to work for such patients.
Patient-reported outcome measures (PROMs) are becoming
important because the patient plays a central role in evaluating the
outcome of surgical treatment. As yet, there are currently no PROMs to
assess the impact of TKA on return to work. PROMs that are commonlyapplied to TKA patients are the KOOS [7], Oxford [8] and the new Knee
Society Scoring System [9] questionnaires. However, these mainly
assess home-life activities (ADL), and do not look at those activities
that are necessary to work.
There is a need for a speciﬁc questionnaire thatmeasures and scores
the impact of TKA on work. This will also improve decision making
aboutwhether, and atwhat stage, it is advisable for patients to undergo
surgery [1]. Furthermore, risk factors thatmight prevent return towork
after TKA have not been identiﬁed because there is, as yet, no method
available to assess work conditions and obstacles in the work place.
Identifying such work-related factors will help physicians and other
professionals to make a more adequate assessment of which obstacles
would impede to certain types ofwork. Subsequently, work tasks could
be adaptedby the employer and employee and thus reduce loss of labor
related to disability. A speciﬁc questionnaire that scores, measures, and
monitors work activities will allow us to identify those risk factors that
hamper adequate return to work. In this way, disability evaluations,
decision making and treatments could be improved.
Our aim was to develop a work activity-related questionnaire for
patients suffering from knee complaints or following TKA surgery and
report its [1] content validity. Further questions of this study are as
follows: what is the [2] internal consistency measured by factor
analysis andwhat are the internal reliability (Crohnbach'sα) [3], what
is the reproducibility (test–retest) in agreement—standard error of
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individuals and for groups—and reliability (ICC)? Furthermore [4]
construct validity is reported, as well as [5] responsiveness (standard-
ized response means [SRM] and the relation between SDC and MIC)
[6] ﬂoor and ceiling effects (%) and [7] interpretability (minimal
important change [MIC].
Materials and Methods
Several researchers offer criteria for the evaluation of question-
naires. The best known are by the Scientiﬁc Advisory Committee
(SAC) of the Medical Outcomes trust [10]. They identiﬁed eight
attributes to assess the properties of a questionnaire. However there
are no speciﬁc guidelines about how many hypotheses need to be
conﬁrmed before a questionnaire can be considered to have sufﬁcient
clinimetric quality. Seven of the criteria proposed by Terwee et al [11],
were extrapolated to predict the quality of our proposed outcome
questionnaire. One of the criteria, criterion validity, needs to be tested
against a gold standard but hypotheses about the concepts we
investigate are not yet sufﬁcient to speak of a gold standard.
Content Validity
The questionnaire named Work, Osteoarthritis or joint-Replace-
ment Questionnaire (WORQ) was devised to assess the “impact on
work” in patients who had knee-related complaints following
treatment and worked (or wanted to). The purpose of the WORQ
was to evaluate, discriminate and predict a patient's ability to work
after TKA surgery. It contains questions to assess a patient's capacities
in paid or voluntary work and evaluates the level of physical difﬁculty
experienced in carrying out tasks that could be inﬂuenced by knee
function. The questionnaire was developed by a team of ﬁve
orthopedic and two occupational health experts who identiﬁed a set
of work-related activities that are likely to be affected by knee
problems. This was done in three consensus meetings. The ﬁrst draft
of the WORQ questionnaire was presented for feedback at a meeting
of the Netherlands School of Public & Occupational Health (NSPOH)
where 21 occupational physicians and 7 insurance physicians were
present. The opinions of these experts were used to check whether
the items in the WOR Questionnaire matched activities that TKA
patients would be likely to perform.
Thirteen physical activities were considered: kneeling, crouching,
lifting/carrying, pushing/pulling, climbing stairs, standing, sitting,
clambering, driving a vehicle, walking on level ground, walking on
rough terrain, operating foot pedals and working with hands below
knee height. In addition, a subgroup of 40 TKA patients were
interviewed and asked to express if they felt that this set of activities
covered the difﬁculties they experienced at work in relation to their
knee complaint. Patients were asked to grade how difﬁcult it was to
perform activities on a ﬁve-point scale: none, mild, moderate, severe
or extreme (i.e. unable to perform), which corresponded to the scores
4, 3, 2, 1 and 0 respectively. The sum of the item scores was converted
to a 0–100 score where 0 is the worst score and 100 the best.
Furthermore, all patients were asked to report per activity how
frequently they had performed this task at work before surgery.
Moreover, as a check to see if the activities deemed to be important for
work had previously been carried out, patients were also asked to
report how often they had performed each activity. If less than 25% of
patients reported that an activity had been performed “sometimes,” it
was be deemed an invalid question and dropped.
The WOR Questionnaire was tested on a group of patients who
were known to have undergone TKA. For factor analysis it is
recommended to have at least 10 times as many patients as variables,
therefore at least 130 patients were needed [12]. All patients had had
surgery on at the Academic Medical Center (AMC) in Amsterdam or at
the Amphia teaching hospital in Breda, the Netherlands. Patients wereonly asked to ﬁll out the questionnaire if they had held a job within
2 years prior to surgery. Patients were asked to assess retrospectively
the difﬁculty they experienced with the knee-burdening activities at
work in the 3 months before TKA and 2 years after TKA. By choosing
these particular intervals, the WOR Questionnaire was tested at the
worst possible moment in time (immediately prior to surgery) and at
a time when complete recovery from the operation was expected
(2 years after surgery).
The WOR Questionnaire met the requirements for content validity
as the domain of interest is covered comprehensively by the items in
the questionnaire [11].
Measurement Properties
Standard descriptive statistics were used to describe the demo-
graphic data and baseline characteristics of the patients.
Internal Consistency
To assess the internal consistency and dimensionality of WORQ, an
exploratory factor analysis was performed preTKA, within 3 months
before TKA to establish which factors account for most of the variance
in the questionnaire. Because 5-point Likert scales, are susceptible to
departures fromnormality,weused principal axis factoringwhichdoes
not require the assumption of multivariate normality [13]. However,
previous studies suggest that exploratory factor analysis is robust for
small and moderate departures from normality. Therefore, maximum
likelihood solutions for the WOR Questionnaire will probably yield
similar results [14]. Principle axis factoring analysis with oblique
rotation (oblimin) was used to determine dimensionality, considering
eigenvalues higher than 1 (Kaiser's criterion) [12]. Factor loadings over
0.4 were retained [15]. The Kaiser–Meyer–Olkin (KMO) measure was
used to verify sampling adequacy of the analysis, with an acceptable
limit for KMO values for individual items greater than .5 [12]. Internal
consistency was evaluated as a measure of reliability. The internal
consistency is the degree to which items of (sub) scales are inter-
correlated and was assessed by calculation of Cronbach's α coefﬁcient
[11]. Additionally, the effect of deleting items on the internal reliability
of each domain score was assessed systematically. A Cronbach's α
coefﬁcient of 0.7 or higher was considered satisfactory [16].
Reproducibility
The test–retest reliability of the WORQ scale was determined in a
subgroup of 57 patients who are still working to this day. To make
sure results will be applicable to diverse patients (before and after
surgery), patients awaiting TKA (N = 14) as well as patients who are
currently in work after a TKA or unicompartmental knee arthroplasty
(N = 43) were included in the study. Patients were asked to report
difﬁculties experienced with the speciﬁc tasks in their work during
the last week. The scores were obtained from two subsequent
questionnaires, T1 (the ﬁrst questionnaire) and T2 (the second
questionnaire) with at least 1 week and maximum of 2 weeks in
between. This period is long enough to prevent recall but short
enough to ensure that clinical change is unlikely to have occurred.
Patients were asked to ﬁll out the second WOR Questionnaire on the
same day of the week to minimize change due to other factors than
merely measurement error. Finally patients were also asked to report
if they had the same, less or more complaints as compared to the ﬁrst
time they ﬁlled out the questionnaire. Patients who reported a change
in complaints or had an interval of more than 14 days betweenWORQ
T1 and T2 were excluded from the analysis.
Agreement
The standard error of measurement (SEM) was calculated by
taking the square root of the error variance of the ANOVA analysis
Fig. 1. Flowchart of patient inclusion.
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can then be converted into a number that represents the smallest
detectable change (SDC) by means of the formula 1.96 * √2 * SEM.
This number reﬂects the smallest within-person change in a score
that can be considered to be a real change above any measurement
error within one individual (SDC individual). This can in turn be
converted into the SDC for a group of people (SDC group) by
dividing the SDC individual by √n. For evaluative purposes,
agreement is rated as positive if the absolute measurement error
(SDC individual for change within individuals and SDC group for
change between groups) is smaller than the minimal important
change (MIC, see interpretability) that is considered to be clinically
relevant [11].
Reliability
The intra-class correlation coefﬁcient (ICC) is the most suitable
and most commonly used parameter to assess the reliability of
continuous measures. ICC agreement was calculated for the total
scores on the questionnaire, ranging from a minimum score of 0 to a
maximum score of 100, in a two-way random-effects model. An ICC
higher than 0.70 is recommended as a minimum standard for
reliability [11].
Construct Validity
Construct validity refers to the extent to which scores on a
particular instrument relate to other measures in a manner that is
consistent with theoretically derived hypotheses concerning the
concepts that are being measured. Construct validity was assessed
using Pearson's rank correlation coefﬁcient (R). As it is hypothesized
that the WORQ measures a different, but related, construct than that
measured by currently available questionnaires, the correlations
were not expected to be very strong. The correlation value was
considered to be very strong if it was between 0.9 and 1.0, strong if it
was between 0.7 and 0.9, moderate if it was within 0.5–0.7, and weak
if it was below 0.2–0.5 [17,18]. The Knee injury Osteoarthritis
Outcome Score (KOOS) [7] questionnaire and an Oxford [8]
questionnaire were used at follow-up. The KOOS is a 42-item site-
speciﬁc questionnaire, resulting in ﬁve 0–100 scores (higher is
better) for Pain, Symptoms, Activities of Daily Living (ADL), Sport &
Recreation and Quality of Life (QOL). The Oxford is a 12-item site-
speciﬁc score, ranging from 0 to 48 (higher is better). It was
hypothesized that the construct of the WORQ correlates with the
KOOS and the WORQ scores. However, the strength is expected to be
low to moderate (0.2–0.7) as the WORQ should measure similar but
not the same constructs.
Responsiveness
Responsiveness has been deﬁned as the ability of a questionnaire
to detect clinically important changes over time, even if these changes
are small. In other words it is the ability of a PROM to respond
appropriately when a patient's clinical state changes. As a ﬁrst
criterion, the SDC should be smaller than the MIC for a questionnaire
to be responsive [11]. For the WORQ to be useful it should be able to
distinguish between physical difﬁculties experienced pre-TKA and
post-TKA. Furthermore, standardized response means (SRM), which
are used to measure responsiveness when data for which two time
points in the same patients are being compared, were also calculated
[19]. The SRM of other questionnaires is known which makes
comparison possible. According to Cohen, a SRM of b0.2 is considered
a trivial effect, 0.2–0.5 as a small effect, 0.5–0.8 as a moderate effect
and N0.8 as a large effect [20]. SRM was calculated by dividing the
mean difference between WORQ scores preTKA and WORQ scores
TKA-recovered, by the standard deviation of the mean difference. This
meant that this calculation was only applicable to patients whoreturned to work because scores both for WORQ preTKA and WORQ
TKA-recovered were necessary.
Floor and Ceiling Effects
If ﬂoor or ceiling effects are present, it is likely that extreme items
are missing in the lower or upper end of the scale, indicating limited
content validity. The presence of ceiling and ﬂoor effects was
evaluated on the basis of the percentage of patients with the
maximum or minimum WORQ score and was considered present if
this was the case in 15% or more of the patients [11].
Interpretability
Means and standard deviations of scores of patients before and
after treatment of known efﬁcacy, TKA in this case, are given for the
purpose of interpretability. Minimal important change (MIC), deﬁned
as “the smallest difference in score in the domain of interest which
patients perceive as beneﬁcial,” was analyzed in an anchor-based
approach. To calculate the MIC, it was decided to use patient
satisfaction about their work ability using the TKA knee as an anchor
question. Patients who “totally agreed” or “agreed” with the
questionnaire item measuring satisfaction with the treatment were
considered to have had a clinically relevant change. Pearson's
correlation coefﬁcients will be analyzed based on changes in WORQ
scores to changes in the anchor measure in order to conﬁrm the
usefulness of the anchor question. A correlation coefﬁcient of 0.30 or
more is required to be regarded as a good anchor [21].
All analyses were done using SPSS 20.0 statistics software
(IBM, Armonk, New York, USA). A P-value b0.05 was considered
statistically signiﬁcant.
Results
Participants
Seven hundred sixty-four patients received the invitation to
participate, of which 558 (73%) responded (Fig. 1). Seventy-eight
patients declined and 480 ﬁlled out a questionnaire of which 173
(36%) had active work in the 2 years prior to surgery. The average age
of the group with a job prior to surgery was 60 (SD 8.6) years. The
gender distribution of patients with work prior to surgery was 49%
male and 51% female (Table 1).
Table 1
Baseline Characteristics of the Patient Group.
Work
n=173 (36%)
Age (Years), mean (SD) 60.1 (8.6)
BMI (kg/m2), mean (SD) 29.5 (4.7)
Years after TKA, mean (SD) 3.8 (1.3)
N (%)
Gender Male 85 (49.1)
Female 88 (50.9)
ASA*
*ASA classification was missing in the patient data for three patients.
1 or 2 148 (87.1)
3 or 4 22 (12.9)
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Of the subgroup of 40 patients that was interviewed about the
activities addressed, more than 80% reported that the set of activities
was adequate to evaluate the difﬁculty experienced in work due to
their knee complaints. Some patients suggested an extra activity
speciﬁc to their work, like for instance walking on slippery ﬂoors, but
at this time no activities were added as suggestions were not
reproduced by different patients. All activities were performed at
least “sometimes” by 25% of patients at WORQ preTKA, therefore, all
questions were left and used in the sum scores (Table 2).
Measurement Properties
Internal Consistency
A factor analysis was conducted on the 13 items with oblique
rotation (oblimin) to allow the factors to correlate. Patients with
incomplete data were removed list-wise prior to the factor analysis,
leavingN = 149. The Kaiser–Meyer–Olkin (KMO)measure veriﬁed the
sampling adequacy for the analysis, KMO = .88 (“Meritorious”
according to Hutcheson and Sofroniou [22]), and all KMO values for
individual items were greater than the acceptable limit of .5 with theTable 2
Percentage of Patients That Reported to Have Performed Certain Activities at Least
“Sometimes” in Their Work.
Activity
Performed at least 
months prior to TKA
Walking on level ground 87 86
Operating a vehicle 73 69
Operating foot pedals 56 52
Sitting 88 90
Walking on rough terrain 59 50
Taking the stairs 75 74
Standing 85 83
Lifting or carrying 65 60
Pushing or pulling 59 54
Working with  hands
53 40
Crouching 52 40
Kneeling 55 39
Clambering 30 22
“sometimes” at 3 
 by % of patients
Performed at least 
months prior to TKA
“sometimes” at 2
 by % of patients
below knee heightlowest being .75 [12]. An initial analysis was performed to generate
eigenvalues for each factor in the data. Both the Kaiser's criterion
(Table 3) and the scree plot (Fig. 2) suggested retaining two factors,
which together explained 64.9% of the variance (Table 3). The scree plot
showed inﬂexion that justiﬁed retaining two factors (Fig. 2). Two
factors were retained based on Kaiser's criterion and the scree plot.
Table 3 shows the factor loadings after rotation with factor loadings
below .4 suppressed. As said, factor loadings over .4 were retained [15].
Items clustering on the same factor, suggest that factor 1 represents
activities involving “Knee coordination,” and factor 2 represents
activities involving “Strenuous knee ﬂexion.” As can be seen in the
pattern matrix, two items had factor loadings above .4 on both factors
but the highest loading determined for which factor they were
considered most representative (Table 4). “Knee coordination” and
“Strenuous knee ﬂexion” both had high reliabilities, with Cronbach's
α of respectively .90 and .85. Cronbach's α for the total score was .90.
Reproducibility
Fifty-seven patients were enrolled in the test–retest study. Of
these 54 ﬁlled out the questionnaire twice, 5 patients were excluded
because they reported a change in their complaints and 4 patients
were excluded because they exceeded the 14-day maximum allowed
period. This left 45 patients for analysis of agreement and reliability.
Agreement
SEM agreement was 3.43, the SDC individual was therefore 9.52
and the SDC group was 1.42 as analyzed for the 45 patients. The
SDC individual and SDC group were both smaller than the MIC (13,
see “Interpretability”).
Reliability
The ICC was .97 for the total scores and higher than the threshold
of .70.
Construct Validity
Factor scores were used to assess the construct validity. Factor 1
“Knee coordination” was statistically signiﬁcantly correlated with
KOOS pain (R = 0.46), symptom (R = 0.37), ADL (R = 0.47), Sport &
Recreation (R = 0.35), QOL (R = 0.39) and the Oxford score (R =
0.49). Factor 2 “Strenuous knee ﬂexion” was statistically signiﬁcantly
correlated with KOOS pain (R = 0.37), symptom (R = 0.22), ADL
(R = 0.35), Sport & Recreation (R = 0.69), QOL (R = 0.47) and the
Oxford score (R = 0.50).
Responsiveness
The SDC individual and group (10 and 2) are smaller than the MIC
(13), therefore the WORQ will be responsive. One hundred eight
questionnaires were available for analysis of responsiveness with the
SRM. The SRM was 0.70, moderate according to Cohen [20].
Floor and Ceiling Effects
Floor effects were observed in b1% of cases at WORQ preTKA (valid
n = 164) and b1% at WORQ TKA-recovered (valid n = 114). Ceiling
effects were observed in 3.6% of cases at WORQ preTKA and 8.8% at
WORQ TKA-recovered. Ceiling or ﬂoor effects were considered not to
be present as the percentages did not exceed 15% [11].
Interpretability
The correlation coefﬁcient between the WORQ TKA-recovered and
the anchor question for patient satisfaction was 0.54 (P b .001) for
114 patients meeting the criteria of sample size and a coefﬁcient N0.3
Table 3
Total Variance Explained and Eigenvalues.
Total variance explained
Initial eigenvalues Extraction sums of squared loadings
Total % of variance Cumulative %
Rotation sums of 
squared loadingsa
Total
Factor
Total % of variance Cumulative %
6.26 48.14 48.14 5.251 6.65 51.14 51.14
1.46 11.21 59.35 4.352 1.79 13.74 64.88
3 0.89 6.84 71.72
4 0.78 6.00 77.72
5 0.64 4.91 82.63
6 0.48 3.71 86.34
7 0.40 3.04 89.38
8 0.33 2.52 91.90
9 0.31 2.40 94.30
10 0.24 1.87 96.17
11 0.22 1.71 97.88
12 0.20 1.50 99.38
13 0.08 0.62 100.00
Extraction method: Principal axis factoring. a. When factors are correlated, sums of squared loadings cannot be added to obtain a total variance. 
1173A.J. Kievit et al. / The Journal of Arthroplasty 29 (2014) 1169–1175.e2[21]. Patients who “totally agreed” or “agreed” to the statement on
satisfaction, improved from a mean score of 53.9 to 78.9 (25 points
improvement) and from 57.3 to 70.6 respectively (13). For patients
who neither “agreed” nor “disagreed” there was some improvement,
this was from 48.8 to 57.0 (8). For patients who “disagreed” or
“strongly disagreed,” the mean scores respectively went from 58.4 to
49.7 (decrease of 9) and 47.6 to 42.4 (decrease of 5) (Table 5). It is
concluded that an improvement of at least 13 points on the 0–100
scale can be considered to be clinically relevant.Table 4
Pattern Matrix After Oblimin Rotation.
FactorDiscussion
The content and construct of the WOR Questionnaire are valid and
consist of two main factors with high internal consistency, good
reproducibility with good agreement (small SEM and SDC) andFig. 2. Scree plot of eigenvalues with Kaiser's criterion of 1, the different factor numbers
are shown on the x-axis.reliability (high ICC), moderate responsiveness, no ﬂoor and ceiling
effects, and good interpretability. WORQ can be used to score, assess
and follow-up patients' ability to work in relation to knee complaints
and can also be used to compare outcomes between groups following
two different treatment options.
The results of this study, through exploratory factor analysis, led us
to hypothesize that knee demanding activities at work represent two
factors: Factor 1 represents activities involving “Knee coordination”
while Factor 2 represents activities involving “Strenuous knee
ﬂexion.” The ﬁnding that the activities involving deep knee ﬂexion2
“Strenuous knee 
flexion”
Crouching -0.96
Kneeling -0.93
1
“Knee 
Walking on level ground 0.80
Operating a vehicle 0.76
Operating foot pedals 0.74
Sitting 0.65
Walking on rough terrain 0.63
Taking the stairs 0.56
Standing 0.52
Lifting or carrying -0.470.48
Pushing or pulling 0.48
Working with  hands below knee height 0.41
Clambering 0.44 -0.47
Extraction method: Principal axis factoring. 
Rotation method: Oblimin with kaiser normalization.
a. Rotation converged in 17 iterations.
coordination”
Table 5
Minimal Clinically Important Difference Scores.
Satisfaction of working capability with respect to the knee
Mean score just before 
operation (SD)
Mean score two years after 
operation (SD)
Change in score
Totally 
agree
53.9 (23.5)
78.9 (18.9)
↑25
Agree
57.3 (22.4)
70.6 (15.0)
↑13
Neither agree, 
nor disagree
48.8 (22.4)
57.0 (18.1)
↑8
Disagree
58.4 (25.0)
49.7 (24.2)
↓9
Totally 
disagree
47.6 (18.3)
42.4 (19.1)
↓5
MIC
13
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main restriction encountered in current TKA, where most designs
have a maximum average ﬂexion of 125 degrees. The items that
cluster on factor 1 involve less ﬂexion and correspond more with
coordination of the leg, for instance operating vehicles or pedals,
pushing and pulling or walking. The ﬁnding that the two factors have
clinically meaningful interpretations further supports the sensitivity
of the questionnaire. Future work can further validate the separate
predictive value of these two dimensions, for instance by means of a
conﬁrmatory factor analysis with prospectively collected data in
different patient groups and countries.
The WORQ has high reliabilities for both factors. Based on the
literature a Cronbach's α coefﬁcient of higher than 0.7 is acceptable for
satisfactory internal consistency [16]. The Cronbach's α coefﬁcient of
the WORQ is higher than this threshold with a coefﬁcient of 0.92
overall, 0.90 for factor 1 and 0.85 for factor 2. Other widely used
PROMs for monitoring follow-up of TKA patients have similar known
Cronbach's α of 0.74–0.94 for the ﬁve KOOS subscales [7], 0.87 for the
Oxford [8] and 0.68–0.95 for the subjective parts of the new Knee
Society Scoring System [9]. The WORQ appears to be supported in its
construct validity as correlations to the KOOS and Oxford exists, but as
they are low to moderate as hypothesized, they do not exactly
measure the same construct but are merely related as they assess
knee function in different ways. Small SEM, SDC individual and SDC
group were found in test–retest results T1 and T2 within the group
that reported no change and were within the 14-day limit. Due to this
small measurement error individual patients can be followed up at
intervals to assess an increase in score. Groups can be compared to
study different treatment effects on knee complaints and work ability.
The responsiveness was moderate with a total score of 0.70. The
values of responsiveness are similar to other known PROMs used in
workers with musculoskeletal disorders with SRM values for SF-36 of
0.65, the Nottingham Health Proﬁle 0.66, Sickness Impact Proﬁle 0.66,
the Duke Health Proﬁle 0.48 and Ontario Health Survey 0.57 [23]. No
ﬂoor or ceiling effects were seen at the time points when patients
experienced most knee complaints or after TKA (WORQ preTKA and
WORQ TKA-recovered) supporting the clinical usefulness of theWORQ
in this population. On the total score the MIC was deemed to be 13
points on the 0–100 scale. As the SDC individual and SDC group are
smaller than the MIC, the WORQ is able to distinguish score
improvements that are clinically relevant for both individual patients
as well as groups of patients.
PROMs have been used for decades in improving outcome of
treatment. Using PROMs the patient is central in assessing their
own outcome ensuring a minimal bias. PROMs like the KOOS [7]
and Oxford [8] score have been widely used to test the effectiveness
of surgical interventions in decreasing complaints but do not ask
speciﬁc activities performed mostly at work. Little is known about
the impact of TKA on patients' reintegration into the workplace
[2,3]. Nine studies have reported to some extent at what point in
time patients return to work [24–32]. The information was mostly
limited to the percentage of patients who returned to work and atwhat point in time. No speciﬁc data were given about the activities
performed. Another study found that high motivation, being female
and being self-employed accelerated early return to work while
having less pain pre-operatively, having a physically demanding job
and receiving sickness compensation were decelerators. [25] These
types of studies however lack information on difﬁculty experienced
in work-related activities and would probably beneﬁt from the
WORQ in extending the information and strengthening the
conclusions. Outcome solely based on the timing of return to
work is insufﬁcient for assessing the extent of adequate return to
work. As more patients undergo TKA while of working age, it will
be increasingly important to know how well or poorly patients can
perform work-related activities before (with knee complaints) and
after TKA.
The WORQ can be used to follow up patients at different
moments in time. Future studies can use the WORQ to assess the
effect of rehabilitation, surgical or non-surgical treatments and
multi-disciplinary clinical and occupational interventions on their
effectiveness in increasing patients working ability. Furthermore,
studies trying to identify patients pre-operatively for having a
higher risk of not or inadequately returning to work can be
performed as the WORQ is responsive and has a small measurement
error. For this purpose however a prospective cohort design would
be most suitable. It will be valuable to identify which preoperative
WORQ scores predict sufﬁcient or insufﬁcient outcome in the long
run for speciﬁc patient groups. This will aid doctors in identifying
speciﬁc patients that might need extra attention to ensure a better
overall outcome.
Dutch and English versions (Appendixes A and B; available online
at www.arthroplastyjournal.org) of the WORQ are attached to this
article for use by other clinicians and researchers and they will be
made available online.
Limitations
The factor structure might differ in qualitatively distinct patient
populations. For instance, in an older subpopulation following TKA,
difﬁculty with kneeling and crouching might be differentially affected
due to the inﬂuence of additional co-morbidity such as hip
osteoarthritis, leading to different response patterns. For this reason,
it is advisable to repeat the factor analysis in populations that differ
from the population presented here.
A point of critique of the study is the retrospective nature of the
patients' reports about their perceived difﬁculties at work, which
means that there is a risk of recall bias in the results. However, we
assume that patients should be able to assess work-speciﬁc tasks at
the two different and distinct time points. Furthermore, it is unlikely
that this has effect on the factor structure, Cronbach's α, responsive-
ness, ﬂoor or ceiling effects and interpretability. To perform a valid
test–retest, a subgroup of patients that work to this day were asked
for the reproducibility study as recall bias could inﬂuence test–retest
results. For an adequate presentation, patients included TKA and UKA
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surgery in the past. However, the WORQ has not yet been tested on
other patient populations. Criterion validity has not yet been assessed
as the retrospective design of the study would probably not yield
reliable and valid results in this respect. In addition, a careful decision
has to be made in selecting the appropriate reference or gold standard
with which to test criterion validity.
Future research will need to focus on testing the questionnaire in
different patient groups and in different countries for the purpose of
interpretability. Moreover, criterion validity in a prospective series of
patients will need to be addressed. The hypotheses from the
exploratory factor analysis in this study can be used to perform a
conﬁrmatory factor analysis in future reports. In a next study the
WORQ will be used to report on the impact of TKA on work in
coincidence with more detailed information.
Conclusion
WORQ is a new questionnaire with good clinimetric quality. It was
tested and found to be sufﬁcient with respect to content validity,
internal consistency, reproducibility, construct validity, responsive-
ness, ﬂoor and ceiling effects and interpretability in a population of
TKA patients. It can be used for both individuals and groups to assess
knee problems experienced in carrying out work-related activities.
The WORQ is freely available and can be used to compare different
interventions in patient groups and to follow up patients' change in
scores over time.
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